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Leg Lifts to Assess Atrial Function
Ready for Clinical Use in HFpEF?*Liza Thomas, MBBS, PHDSydney, New South Wales, AustraliaIndexed left atrial (LA) volume is a robust predictor
of adverse cardiovascular events (1) and a morpho-
physiological marker for the severity and chronicity
of diastolic dysfunction (2). However, little is
known about the role of atrial function in cardiovas-
cular disease. Perhaps a reason for this paucity of
literature is that analysis of LA function is complex,
comprising reservoir function during ventricular
systole, conduit function in early diastole, and a
booster or contractile function in late diastole (3).
Although the gold standard for assessment of atrial
function is invasive measurement, this is not feasible
in routine practice.See page 749The LA modulates left ventricular (LV) ﬁlling
through its contractile function and contributes at
least one-third of cardiac output. This is particu-
larly important in subjects with heart failure or
impaired left ventricular function (4). Early reports
focused on evaluation of LA contractile function
after cardioversion using peak A velocity and “atrial
fraction” (5). These parameters are “surrogate”
measures of LA contractility based on late diastolic
blood ﬂow. LA contractile function more recently
has been evaluated using strain and strain rate (6).
LA phasic function can in addition be assessed
volumetrically (7), but is time-consuming and
limited by 2-dimensional (2D) image quality and
errors from geometric assumptions of biplane cal-
culations. The use of 3-dimensional echocardiog-
raphy improves the accuracy of LA volumes.*Editorials published in JACC: Cardiovascular Imaging reﬂect the views of
the authors and do not necessarily represent the views of JACC: Cardio-
vascular Imaging or the American College of Cardiology.
From the Liverpool Hospital/University of New South Wales, Sydney,
New South Wales, Australia.In this issue, Obokata et al. (8) report the incre-
mental diagnostic value of LA strain with leg lifts in
patients with heart failure and preserved ejection
fraction (HFpEF). Forty HFpEF patients were
compared with 46 hypertensive controls. LA volume
and stroke volume (LASV) were measured and
phasic function (reservoir and contractile or booster
function) evaluated using 2D strain. E/E0 was
evaluated as a measure of LV diastolic pressure. LA
volume was increased and contractile function
reduced at baseline in HFpEF patients. LASV was
preserved at baseline in HFpEF patients (i.e., the
compensatory increase in LA volume consequent to
increased diastolic pressure maintained LASV by
the Frank Starling mechanism). However, when
this maximally “compensated system” is subjected
to an increase in preload (leg lift maneuver), it was
unable to augment stroke volume, and consequent-
ly a reduction in reservoir and contractile func-
tion ensued. Importantly, this helps to differentiate
HFpEF patients from those with less severe diastolic
dysfunction (e.g., hypertensive controls).
Passive leg lifts are an effective way to increase pre-
load and have incremental value for the evaluation of
latent diastolic dysfunction. In the present report, LA
reservoir and contractile strain after leg lifts had the
highest area under the curve (0.95 for reservoir and0.92
for booster pump function) for the diagnosis of
HFpEF,with an incremental value above that obtained
from LA volume, LV mass, and E/E0. Thus, the
strength of this study was not only the observation of
baseline differences in LA volume and function, but
also the elegant demonstration that a simple dynamic
maneuver would accentuate changes in HFpEF.
Although stress testing might help, this adds an
“additional test” in an environment that is already
time poor and cost constrained for patient evalua-
tion. Passive leg lifting is easy to perform and less
time and resource consuming and can be incor-
porated into routine practice. However, imaging
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760during maneuvers can alter the imaging plane, and it
is important to minimize this variability.
As passive leg lifting is simple to perform,
simultaneous invasive pressure recording of LV
diastolic pressure should have been obtained, at least
in a subset, to validate the present observations.
Additionally, as HFpEF patients are likely to un-
dergo coronary angiography to rule out coronary
artery disease, invasive diastolic pressure measure-
ments could be justiﬁed.
LA reservoir function is complex; LA contractile
function and compliance as well as LV contraction
are important determinants (3). This was recently
conﬁrmed in a study demonstrating that LV peak
systolic strain correlated with LA reservoir function
(9). Thus, the alteration of LA reservoir function in
HFpEF cannot be oversimpliﬁed to merely reﬂect
diastolic dysfunction, but is attributable to all con-
tributory elements in some measure.
LA emptying volume and fraction, the LA
expansion index (7), and pulmonary vein systolic
velocity and its velocity time integral (3) have been
used as measures of LA reservoir function. Systolic
strain and strain rate also measure LA reservoir
function; its pattern, however, is based on when the
strain cycle is triggered in relation to electrocardio-
gram. In this study, the strain cycle was triggered at
the onset of the R-wave and LA reservoir function
was the peak positive systolic strain. Alternatively,
the strain cycle can be triggered at onset of the P-
wave, where peak negative strain represents booster
function, peak positive strain represents conduit
function, and total strain (negative and positive
strain) represents reservoir function (10).
LA strain measurements are certainly not ready
for “prime time” in routine clinical practice.
Although tissue Doppler strain is limited by
tracking of the sample volume in a thin-walled
atrium and angle dependency, 2D strain is semi-
automated, less time consuming, and angle in-
dependent. The 2D strain algorithm is that
developed for the left ventricle (correlated with
both sonomicrometry and tagged magnetic reso-
nance imaging). However, the left ventricle has
thicker myocardium compared with the atrium;
LA 2D strain is measured by reducing the regionof interest, but its validity has not been indepen-
dently evaluated. Two-dimensional strain is reliant
on image quality and, therefore, is limited by areas
of drop out, especially in the LA roof at the
conﬂuence of the pulmonary veins, and by the fact
that the atrium is in the far ﬁeld. The superior LA
segments were excluded in the current analysis,
making LA strain measurements more robust.
Strain measurements have a variability of w10%
even for LV measurements, and this intrinsic
limitation is present for LA strain. Performance
of test–retest variability by Obokata et al. (8) with
leg lifts would have demonstrated that strain
analysis, despite its variability, is robust in demon-
strating alterations in loading.
Despite these limitations, atrial 2D strain has
value in physiological and disease states. Two-
dimensional strain LA reservoir function was a
strong correlate of exercise capacity independent of
age, sex, body mass index, and E/E0 (10). It has
diagnostic value in identifying atrial ﬁbrillation
patients who will maintain sinus rhythm after
ablation (11) and to differentiate patients with
hypertrophic cardiomyopathy from hypertensive
patients with LV hypertrophy (12).
Does this mean that we need to incorporate leg
lifts and LA strain measurements in routine clinical
practice to evaluate HFpEF patients? Perhaps not,
as several easier measures like LA volume and E/E0
could help identify HFpEF patients. What would
make it more compelling for inclusion in standard
studies is if these measures have prognostic value in
HFpEF patients or if they triggered therapeutic
intervention. LA reservoir function by 2D strain has
demonstrated prognostic value in patients after
myocardial infarction treated by percutaneous cor-
onary intervention (13). Thus, longitudinal evalua-
tion of HFpEF patients and assessment of the
prognostic value of altered LA strain identiﬁed early
by leg lifts would be the next logical step for
investigative studies.
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